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INTRODUCTION
This paper describes the construction of synthetic datasets created for use in estimation of the LIMEW for Great Britain (GB) for the years 1995 and 2005. This work was carried out for a project supported by the Alfred P. Sloan Foundation to produce international comparisons of economic well-being. Construction of LIMEW estimates requires a variety of information for households. In addition to basic demographics, the estimation process requires information about income, transfers, taxes, time use, and wealth. No single data set has all the required data for Great Britain. Thus, in order to produce LIMEW estimates, a synthetic data file is created by combining various source data sets with statistical matching. 1 We use the Office of National This paper is organized as follows. In the next section, we discuss the method used to produce estimates of household wealth using the data in the BHPS for 1995 and 2005. Each subsequent section of the paper details four statistical matches in turn. The source datasets are described and their demographic characteristics are compared. Then the quality of the match is reviewed for each.
HOUSEHOLD WEALTH ESTIMATION
The BHPS wealth surveys contain information on individually held and household assets and liabilities. Ideally, the survey would comprise detailed questions about each asset and liability type. For the most part, however, the BHPS includes a limited set of questions for each asset/liability type. For example, for debts, a series of questions asks whether or not individual types of debt are held, then another series of questions asks the total amount of debt, and if no amount is given, whether the total amount of debt exceeds a series of amounts. 2 Further questions ask whether any of the debt is held jointly with another individual and what amount this applies to.
We estimated amounts for each individual or household using the following method. In those cases for which the total amount was not given, we first converted the series of questions regarding the amount into a categorical variable. We then assigned values to records within a categorical range (£0 to £100, for example) by randomly selecting an amount from a uniform distribution and for the top category by selecting from a Pareto distribution:
Where ymin is the minimum of the top category (in the debt example, £5,000), U(0,1) is the normal distribution, and k is a parameter (equal to 2 in all cases in this estimation). Completion of this step yields an amount for all records without missing values (for details of handling missing values, see the appropriate sections below). This amount was adjusted in the cases where some of the total was held jointly. The new amount was then divided up equally between all types of asset or liability that the respondent indicated that they held.
WEALTH MATCH

Data and Alignment
The matching unit for the wealth match (and the unit of analysis for the LIMEW) is the household. The source data sets for the wealth match for the 1995 GB LIMEW estimates are the In the case of 1995, the amounts are "500 or more," "1,500 or more," "5,000 or more," and "100 or more." 3 Neither the 1995 BHPS nor the 1995-96 FRS collect information from households in Northern Ireland.
that provide accurate demographic proportions, but do not give a total population estimate.
Missing values in the BHPS data 4 were replaced in two stages: in the first, missing values in individual records were replaced by hot-decking; in the second, missing values in the household records were replaced using the method of multiple imputation with chained equations. This resulted in a data set with five replicates (generated in the first stage) for each original record, or 24,950 household records.
In order to perform a successful match, the candidate data sets must be well-aligned in the strata variables used in the match procedure. 5 For the wealth match, strata variables are homeownership, age, educational attainment, family type, and household income. Table 1 compares the distribution of households by these five variables in the two data sets. Since both surveys are regionally representative samples carried out the same year, we can expect them to be well-aligned. However, the BHPS is drawn from a more complicated sampling frame, since the BHPS is a panel survey. We expect some misalignment as a result of this important difference in sampling frame between the two surveys.
The distribution of home ownership is closely aligned in the two surveys. The distribution of family types is slightly different in the two surveys, with married couples and male-headed households slightly more common in the FRS than in the BHPS. Age categories differ more greatly, with elderly being more prevalent in the BHPS (3.80%). The largest difference is by education category, with those completing their O levels making up a much greater percentage of FRS household heads (5.86%), while those with less than O level are more common in the BHPS (3.40%). This is due to differing questions about educational achievement in the two surveys. 6 The lower end of the household income distribution makes up a larger proportion of the BHPS sample than of the FRS (1.45%), while the top tier makes up a larger portion of the FRS households (1.60%). These misalignments can make matching a challenge, because it ensures that, for example, some households with less than £10K annual income in the BHPS will be matched with households in the middle-income categories in the FRS, thereby 4 Variables with missing values were: educational attainment, employment status, and marital status, as well as wealth and income variables. 877 of 9,203 individual records were missing education, employment, savings, investment or debt data. 541 of 4,990 household records were missing mortgage, home value, or income data. 5 Statistical matching is done first within subsets of the two data sets defined by key variables, which are referred to as strata variables. 6 Age left full-time education in the FRS, as opposed to highest level completed in the BHPS.
slightly depressing the wealth profile of the lower middle of the income distribution (corresponding effects can be expected at the upper end of the income distribution). Table 2 shows a more detailed breakdown of the alignment of the two surveys, using four of the five strata variables (household income has been left out for greater clarity). Here we can see that the higher prevalence of elder household heads in the BHPS is concentrated among female-headed renters. The largest single difference is among households with elder, renter female heads, which are much less prevalent in the FRS than in the BHPS, while younger male renter households are more prevalent in the FRS. Differences in education seem to be fairly evenly spread around. Based on these observations of the alignment, we can expect that the worst misallocation of wealth variables will be by education.
Match QC
Turning to the results of the match, we first look to the distribution of matched records by matching round in table 3. Earlier rounds occur in the most detailed cells (round 1 occurs within cells that incorporate all five strata variables). The bulk of the matches occur in the earliest rounds, in fact 94.5% in the first four rounds alone. This fact means that most of the wealth records will be assigned to records that are similar in age, education, family type, homeownership, and income to their donor records. This bodes well for the quality of the match.
Indeed, we can see in figure 1 that the overall distribution of net worth is well carried over into the match file. In fact, it is impossible to see differences at all at this level of detail. Table 4 provides a more detailed comparison of the distribution of net worth in the BHPS and the matched file. The percentile ratios are all quite close, with the exception of p75/p25 and p50/p25.
The middle of the wealth distribution in the matched file is somewhat less wealthy than in the BHPS. The twenty-fifth percentile, for example is £1,109 in the BHPS and only £760 in the matched file. The Gini coefficient is quite close, 0.686 in the matched file, compared to 0.690 in the BHPS. Table 5 breaks down the mean and median of the four asset and two debt classes that make up net worth in the wealth match. 7 We can see that for all seven variables the difference in the matched and the source file's mean is small, 4.5% or less in all cases. For median values, most asset and debt classes are zero. There is a larger percentage difference for asset 3 than we saw for average values, but this difference is small in absolute terms (£180). The most important asset, asset 1, is precisely matched, and the median net worth is off by 2%, but again, this represents a small absolute difference of just over £600.
Examination of the quality of the match within population subgroups shows generally good results. Table 6 has the actual numbers, and we can see that this represents a substantial difference of about £6,400. The median net worth for this group in the matched file is 42.3% that of the BHPS. The degree to which this is a problem depends on the degree to which these categories actually overlap in real life. The second group in the household income panel of figure   2 is those households with greater than £5,000 but less than £15,000 per year. We can see that they have just under 10% smaller net worth in the matched file than in the BHPS. We see in table 6 that this translates to £5,300 smaller average net worth. The difference in medians is much larger, at 89%, which translates to a £34,300 difference in median net worth. The overall pattern in household income is that the lowest income group (less than £5,000) has higher net worth in the matched file, while all the other groups have lower net worth than in the BHPS. For judging the accuracy of the match in preserving the distribution of wealth by subgroups, table 6 displays the ratios of mean and median values for the strata variables' categories. The ratios' values in the BHPS are very well reproduced in the match file, given the variation in the means and medians described above. The extent to which the match file reproduces the distribution of net worth within matching cells is demonstrated in figure 3 . 8 We can see that the distribution is well preserved in the matching process, even at this level of detail.
Overall, the quality of the match is good. It has its limitations, especially in terms of the education categories (due, once again, to the mismatch of variable definitions in the two surveys). But the overall distribution is transferred with remarkable accuracy, and the distributions within even small subgroups, such as young male-headed homeowners, is transferred with good precision.
TIME USE MATCH
Data and Alignment
The For the time use match, the strata variables are sex, parental status, employment status, and marital status. While for the wealth match the matching unit is the household, we use individuals for the time use match. Table 7 compares the distribution of individuals by these variables and personal income in the two data sets. Since the two surveys were carried out at roughly the same time, we can expect them to be well-aligned. We see that the distribution of individuals by sex is quite close in the two surveys, with females slightly less common in the OPCS than in the FRS. Parents are present in greater portions in the OPCS (4%). The not employed are underrepresented in the OPCS relative to the FRS (5%). The portion of married individuals is also higher in the OPCS (2.3%). The differences by income category are largest, with those in the lowest income class making up a significantly larger proportion of the OPCS sample than of the FRS (5.7%), while the middle-income classes are relatively overrepresented in the FRS (1.3-2.4%). The differences must be due to the differing sampling frame and this will certainly impact the quality of the match.
Match QC
Turning to the results of the match, we first look to the distribution of matched records by matching round in table 8. The bulk of the matches, 92%, occur in the first round, ensuring as high-quality a match as possible. The rest of the records are matched over an additional eleven rounds, with one-tenth of 1% receiving no match at all. 10 Table 9 provides a comparison of the distribution of weekly hours of household production in the OPCS and the matched file. The percentile ratios are all equivalent. The Gini coefficient is extremely close, 0.5145 in the matched file, compared to 0.5148 in the OPCS. Table 10 breaks down the mean and median of the three classes that make up total household production in the time use match. 11 We can see that for all four variables the difference in the matched and the source file's mean and median is zero, with the one exception of average weekly hours of care, which is 6.45% (or twelve minutes) higher in the matched file than the OPCS.
Examination of the quality of the match within population subgroups shows generally good results. Figure 4 displays ratios of mean weekly hours of household production between the matched file and the OPCS for the four strata variables, as well as for personal income categories. As we can see, the best-aligned variable, sex, is the best-matched as well. Nonparents have 5% higher, while parents have 6% lower average weekly hours of household production compared to the OPCS. The full-time employed have 7% higher average weekly hours in the matched file than in the OPCS, while the part-time employed have 10% higher, and the not employed have 3.4% lower. Unmarried individuals have 5.3% lower weekly hours in the matched file than in the OPCS. There are also large differences by income group, ranging from 11% higher in the matched file (for the middle personal income group) to 7.4% lower average weekly hours in the matched file. Table 11 has the actual numbers, and we can see that these large percentage differences represent relatively small differences in hours per week. For example, the large differences for the lowest and middle-income classes represent differences of three and two hours per week, respectively. Notice that the ratios by category are well reproduced in the matched file. The extent to which the match file reproduces the distribution of weekly hours of household 10 The unmatched records are assigned the average values of hours of household production for their original matching cells. 11 The three classes are care (child care, elder care, etc.), procurement (shopping, etc.), and core (cooking, cleaning, laundry, etc.).
production within matching cells is demonstrated in figure 5 . 12 We can see very little difference between the matched file and the OPCS. Thus the distribution of household production is well preserved in the matching process, even at this level of detail.
Overall, the quality of the match is very good. It has its limitations, especially in terms of the marital and employment status categories. But the overall distribution is transferred with remarkable accuracy, and the distributions within even small subgroups, such as female parent employees, is transferred with good precision.
WEALTH MATCH
Data and Alignment
The Homeownership is more widely prevalent in the BHPS than in the FRS (by 3.3%). The distribution of family types is slightly different in the two surveys, with married couples once again being almost exactly the same, but male-headed and female-headed family types are slightly misaligned (by 2.3 to 2.6%). Educational categories are somewhat misaligned again (by 2.9 to 6.0%) due to the difference in the questions across surveys that we noted earlier (note 6).
The differences by income category are small as in 1995, with those at the lower end of the household income distribution making up a slightly larger proportion of the BHPS sample than of the FRS, while those at the higher end of the household income scale are a smaller share of the BHPS. Age categories are misaligned to some extent for the youngest and oldest groups with the FRS containing a greater share of the former (by 3.3%) and a smaller share of the latter (4.7%). Table 13 shows a more detailed breakdown of the alignment of the two surveys, using four of the five strata variables (and replacing more detailed age categories with the elder/nonelder indicator variable). Here we can see that the higher prevalence of nonelderly in the FRS is fairly evenly spread. Based on these observations of the alignment, we can expect that the worst misallocation of wealth variables will be by education and age.
Match QC
The match itself, although requiring twenty-three rounds of matching to complete, was 83% done after the first round (see table 14 ). This is a good sign, as so many records were matched within one of 208 very detailed matching cells (formed by combining all of the strata variables).
This indicates that the quality of the match should be quite good. Table 15 and figure 6 begin to show that this is in fact the case. The distribution of net worth has been well preserved. There is no discernible difference in the density of log net worth between the BHPS and the matched file in figure 6 . And, percentile ratios are quite closely carried over. The one exception is the p75/p25 ratio, which is considerably larger in the matched file. This is another example of the denominator problem, although the difference here is substantial: p25 is £3,400 in the matched file, compared to £7,500 in the BHPS. The components of net worth are well carried over into the matched file (see table 16 ). The largest difference is for asset 1, primary residence, although the actual difference is only £7,200. Figure 7 shows the ratio of mean net worth by strata variable categories. As we can see, net worth has been well reproduced in the match file, with generally small variations between the matched file and the BHPS. The largest difference in percentage terms is among renters (43.4%), but this is only £2,400 in absolute terms (see table 17 ). The comparison by family type shows good matching for married couples but less so for female-headed, and especially male-headed households (again the numerically smallest category is the worst). The distribution of wealth by age seems to have been well preserved by the matching, with only small variations between the BHPS and the match file. The differences by education are fairly large, with the matched amount falling short of the amount in the BHPS by 14% for the most highly educated, which will tend to reduce stated inequality because this group, on the average, is the wealthiest of all educational groups. The matches within household income categories are fairly good except that the higher income categories appear to be less wealthy in the match file than in the BHPS. This is due to the misalignment between the two files. Figure 8 shows the distribution of log net worth within collapsed matching cells (again by family type, homeownership, and age). The distributions have been carried over very well. Overall, however, the match has provided us with a fair representation of the original distribution of wealth in the BHPS. The differences we observe are small and unlikely to substantially affect the outcomes of the analysis of the LIMEW. While for the wealth match the matching unit is the household, we use individuals for the time use match. Table 18 compares the distribution of individuals by these variables and household income in the two data sets. Since the two surveys were carried out five years apart, we can expect them to be somewhat misaligned. However, the distribution of individuals by sex and marital status is only slightly different in the two surveys. Parents are much less prevalent in the FRS than in the UKTUS (5.5%). The not employed are slightly underrepresented in the UKTUS relative to the FRS (2.4%), with the difference mostly made up by those working part-time (2.2%). The share of married individuals is lower in the UKTUS, by 2.23%. The difference in spouse's labor force status is very small (less than 1% in all cases). The difference in parental status, reflecting different sampling frames, is the greatest cause for concern in terms of the potential match quality, but the alignment overall is quite good. Table 19 shows the distribution of matched records by matching round. The fact that 93% of records were matched in the first round of matching is a promising sign for the quality of the match. The overall distribution of weekly hours of household production looks nearly perfect, based on the percentile ratios and Gini coefficient displayed in table 20. All but the p90/p10 ratio are within two decimal points, while the discrepancy in this ratio is only 0.02. The difference in the Gini coefficients is less than 0.1 Gini points. The mean and median weekly hours of household production and its three components are exactly carried over to the matched file from the UKTUS (see table 21), with the exception of mean care hours, which is higher in the matched file by six minutes (3.4%). Figure 9 displays ratios of mean weekly hours of household production by the strata variables, as well as personal income. In terms of the strata variables, the match is good for each one of them. Nonparents have 5% greater average weekly hours of household production in the match file, parents have 3% greater, and the not employed have 3%
TIME USE MATCH
Data and Alignment
Match QC 16
15 778 of 8,490 records had missing values for personal income class. 16 This discussion includes records for Northern Ireland, since both surveys covered that region. Removing these records does not affect the resulting match quality.
fewer household production hours. Personal income categories show a worse situation, but as it is not one of the strata variables, nothing could be done. Table 22 gives us a closer look at the numbers behind figure 9 , showing the mean and median weekly hours of household production by the strata variables, plus personal income. The average weekly hours of household production for most categories in the matched file are exactly the same as in the UKTUS. Discrepancies, where they exist, are all equal to one hour, which works out to between 3 and 5%. The ratios by strata variables are correspondingly well reproduced in the matched file. The differences for personal income are unsurprisingly larger, both in terms of percentage and hours. For example, those in the lowest income category, but working, have four hours more in the matched file than in the UKTUS, amounting to 16%. As we can see, the ratios of matched to UKTUS medians are unity or close to it for all the strata variables. The difference between the matched file and the UKTUS for parents, married people, unmarried people, and those not working is one hour per week. The differences for personal income are again larger, with those with the lowest income registering seven hours less per week at the median in the matched file. Figure 10 reinforces the quality of the match by providing a comparison of the distribution of weekly hours of household production by detailed cell. Some small differences are observable in the upper tails of the smaller cells. For the most part, however, the matched file reproduces the distributions of household production within cells quite accurately.
Overall match quality is good. The LIMEW should do as good a job portraying the distribution of household production and wealth as is possible given the limitations of the data. Note: The four asset classes are primary residence, other real estate net of debt and business equity, liquid assets, and financial and other assets (a fifth asset class used in the LIMEW estimates for the United States and other countries, retirement assets, is not available for the UK). The two debt classes are mortgages and equity loans and lines of credit on the primary residence and other debt (exclusive of mortgages on other property, which are subtracted from the value of that property in asset 2). The four asset classes are primary residence, other real estate net of debt and business equity, liquid assets, and financial and other assets (a fifth asset class used in the LIMEW estimates for the United States and other countries, retirement assets, is not available for the UK). The two debt classes are mortgages and equity loans and lines of credit on the primary residence and other debt (exclusive of mortgages on other property, which are subtracted from the value of that property in asset 2). Note: The four asset classes are primary residence, other real estate net of debt and business equity, liquid assets, and financial and other assets (a fifth asset class used in the LIMEW estimates for the United States and other countries, retirement assets, is not available for the UK). The two debt classes are mortgages and equity loans and lines of credit on the primary residence and other debt (exclusive of mortgages on other property, which are subtracted from the value of that property in asset 2). The four asset classes are primary residence, other real estate net of debt and business equity, liquid assets, and financial and other assets (a fifth asset class used in the LIMEW estimates for the United States and other countries, retirement assets, is not available for the UK). The two debt classes are mortgages and equity loans and lines of credit on the primary residence and other debt (exclusive of mortgages on other property, which are subtracted from the value of that property in asset 2). 
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